The presence of ammonia in water supply can be harmful to human health. The ammonia is colorless, thus its presence not easily detected. Therefore, a suitable sensor for this detection is necessary. The sensor device developed in this study was utilizing bio-environmental friendly materials such as paper and graphite. Several combination of paper and graphite type were used to evaluate the sensitivity and selectivity of sensor. A suitable device pattern was defined as the sensing area for detecting the presence of ammonia in water. The device was connected with a constant voltage to generate the current flow between electrodes made of graphite and the liquid sample was tested by drop it onto the sensing area. As the result, the significant current changes could be detected with presence of ammonia in deionized (DI) water at different concentration level. A zinc oxide layer was proposed to be added at the sensing area for sensing enhancement. Based on the sensing response, the presence of zinc oxide demonstrated improvement on device sensitivity by displaying faster response characteristics. Thus, the combination of graphite and zinc oxide at sensing area is recommended where it able to better distinguish the level of ammonia concentration compared to those sensing area without zinc oxide. Besides low in cost, this biodegradable ammonia sensor prototype is considered safe and easy to be used by normal consumer for monitoring water quality.
INTRODUCTION
The water pollution is an issue to be concerned as it endangered civilian health. As enforced by National Water Quality Standard, the preservation and protection towards the water quality is a must to be monitored [1] . Many cases were reported regarding water pollution due to presence of numerous operators such as ammonia, bacteria and protozoans which might cause death [2] . Recently in Malaysia, the water pollution due to ammonia occurred at Sungai Cheras and Sungai Johor. This hazard was difficult to be detected with naked eye and the local people basically did not aware of the presence of ammonia in water. Hence, water supplies at this area were immediately closed to consumer for safety reason [3] .
This study is proposed to develop a prototype sensor that suitable for everyone usage in detecting the presence of ammonia in water supplies, by offering the features of economical-based device and environmental friendlybased resource material. In addition of low cost approach benefit [4] , the prototype developed also applying simple operation to monitor the level of ammonia concentration in water. The level of ammonia concentration can be detected by measuring the changes of current at specific applied voltage through the device [5] .
Different types of paper and graphite were used as substrate and an electrode respectively in developing the sensor prototype [6] . Paper was chosen at different thickness and porosity type [7] . Graphite also was chosen based on the variation mixture of clay and graphite which represented by pencil grade such as 2B and 6B. Besides working as electrode, the graphite also acted as active sensing area of device in this study. Different sensor area patterns were designed for optimization in order to clarify the sensitivity of sensor [8] . The effect of additional zinc oxide layer on graphite also been characterized [9] . Time response will be evaluated to determine the device sensitivity for detecting the concentration of ammonia presence in water.
METHODOLOGY
The processes involved in this study could be divided into two phases. Firstly, the study was aiming to clarify the sensing behavior according to base material source. The suitability of materials used were identified based on consistency in current changes response observed. The design pattern of the sensor also supposed to give effects towards sensitivity of the sensor [10] .
Secondly, the study was extended to observe the effect of zinc oxide in the fabricated target device. The characteristics of zinc oxide with graphite acted as sensing element were observed. The time response and sensing rate of the fabricated sensor to detect different concentration level of ammonia were used as indicator. The general flowchart for this study is shown in Figure 1 . For the first part, the base materials used were paper and graphite. The pencil grade of 2B and 6B were chosen as the source of different type of graphite because they indicated different percentage ratio between graphite and clay [11] . The Faber Castell pencil was chosen to be used in this study due to its quality and availability in different degree of hardness. The paper types being selected based on thickness as described by their weight in grams per square meter (gsm), and surface roughness specifications, as summarized in Table 1 . As illustrated in Figure 2 , three different design patterns would be transferred on paper substrate were attempted in this study. The patterns were designed to act as a sensing element of the sensor [12] . Keithley 2000 was used to measure the changes of current indicated by the sensor upon samples' detection with the applied constant voltage of 10 V [13] . Semiconductor Device Analyzer tool also was used to measure the time response of sensing for each device structures investigated.
Preparation of graphite on paper.
The sensor was fabricated by simply drawing the graphite traces using pencils on paper. Graphite acted as an electrode as well as the sensing area. The detailed steps are listed as follows:
1. Cut the piece of paper sample into square shape with dimension of (2 cm × 2 cm) by using a pair of scissors. 2. Draw the design pattern as indicated in Figure 2 respectively on the paper using pencil as source of graphite. 3. Drop a sample (0.1 µL) of deionized water (DI) and ammonia mixture onto the platform of the sensing area. 4. Connect the graphite electrode with probe to Keithley 2000 to measure the related parameters such currentvoltage (I-V) response. 5. Repeat the step (1) until (4), using various combination of paper types and pencil grades to observe their effects on the selectivity behavior and trends. 2.2 Preparation of zinc oxide layer at sensing area on paper To further observe the effect of additional zinc oxide layer presence, a set of device fabrication using combination of 6B grade of graphite and A4 paper with design pattern 3 was repeated.
There were three different combinations of material structure at sensing region were investigated as shown in Figure 4 . The examples of fabricated samples corresponded to each structures are shown in Figure 5 . Once the design pattern 3 was drawn on paper, zinc oxide was deposited on Sensor 2 and 3 structure. A 10 µL aqueous suspension of ZnO crystals (Sigma Aldrich < 100 nm particle size, 20% in H2O) was placed at defined area, followed by 120 o C heating for 2 minutes on a thermal hot plate in order to remove surplus solution. Next, the I-V characteristic and time response of each sensor will be measured by locating a droplet of prescribed ammonia concentration on the defined sensing area. The changes in current reading could be observed upon detection of different concentration level of ammonia tested. The measurement setup using Semiconductor Device Analyzer was applied as shown in Figure 6 . 
RESULT AND ANALYSIS

Effects of elements paper and graphite type.
In this part, series of experiments were conducted to verify the selectivity and sensitivity of the sensor by fabricating several combination of paper types and graphite grades using design pattern 1, 2 and 3 as described in Figure 2 . The relationship between current changes upon detection of samples at several conditions were studied. The current reading at dry condition was set as initial reference. Then, the current changes would be observed when DI water or mixture of ammonia and DI water were detected. In this study, the sample of ammonia and DI water mixture has been prepared by adding a 50 ml ammonia with 50 ml DI water. The concentration level of ammonia presence of samples were indicated in percentage based on volume ratio between ammonia and DI water mixture. Thus, 0 % and 50 % were used as indicator of ammonia level for this particular experiment.
The I-V response of different condition detected for device fabricated on A4 printing paper using 2B and 6B grade pencil with design pattern 1, 2, and 3 are shown in Figure 7, 8 and 9 respectively. Based on the graphs, Pattern 3 suggested more significant current changes upon detection of samples' condition compared to Pattern 1 and 2. Therefore, Pattern 3 had been chosen to be further investigated in the subsequent part.
The summary of average current changes from three readings corresponded to DI water and ammonia samples' presence, for all combination base material and design pattern in this study were tabulated in Table 2 . Based on these data, the combination between A4 80 gsm printing paper and 6B grade Faber Castell pencil gave the best response in this study as the measurement results obtained using this material combination indicated the most consistent and gave the highest current changes compared to others. Therefore, the presence of samples could be significantly detected. Figure 10 shows the measured I-V characteristics for paper-based sensor with Pattern 3 using different material structure at sensing region upon detection of different ammonia's concentration levels. It seems that there was easier to differentiate the level of ammonia concentration based on Sensor 1 and 3 as the differences in current changes were clearly observed with significant trend. In order to observe the effect of additional zinc oxide layer presence, the sensing time response measurement was performed for all Sensor 1, 2 and 3. A constant 10 V was applied and a droplet of ammonia samples with 0%, 30% and 50% concentration was placed at the defined sensing region at t = 4 s. Figure 11 shows the sensing response measured for respective devices. Generally, it can be seen that the additional layer of zinc oxide in sensing region had improve the sensitivity of sensor as the time taken to detect the presence of ammonia sample was shorter compared to graphite alone. The capability to sense the ammonia sample was observed for all three sensors. However, the selectivity performances were likely poor for Sensor 1 and 2, compared with Sensor 3. Thus, it could be concluded from this study that the paper based structure of Sensor 3 was the most suitable to be implemented as it capable to behave in suitable trends and properties of sensor in detecting the ammonia presence in water. 
CONCLUSION
The fabrication of ammonia sensor using bioenvironment friendly materials such paper and graphite was implemented in this study. It offers benefits in term of easy implementation and low development cost. The suitable sensor design was studied based on the consistency in current response upon detection. Based on experiment conducted, the combination of 6B pencil as source of graphite and A4 printing paper as the substrate gave the best response and sensing region's design pattern 3 established better sensitivity behavior compared to Pattern 1 and 2 for detecting the presence of ammonia in DI water. With presence of zinc oxide, the sensing performance of the proposed sensor device could be improved as the time taken to detect the ammonia sample was shorter compared to zinc oxide absence. The higher mobility of ions makes the zinc oxide more sensitive than graphite alone. Therefore, it is expected that this ammonia sensor prototype would be applicable in monitoring the water quality by further optimize its details of development and preparation processes.
